Soil water, herbage assimilated nitrogen, and herbage were measured in the field and used to estimate the effectiveness of nitrogen fertilization to increase yields in cheatgrass communities. The application of regression analysis to estimate the amount of nitrogen fertilizer needed to increase herbage in relationship to available soil moisture is presented. When herbage nitrogen is in the range of 0.5 to 0.7% at the end of the spring growing season, nitrogen rather than soil water appears to limit herbage production.
Studies of nitrogen fertilization of rangelands clearly show that added nitrogen is not effective in increasing herbage when soil water is limiting (Owensby et al. 1970; Stroehlein, 1968; Dahl, 1963) .
In southeastern Washington the growth of cheatgrass (Bromus tectorum) and other alien winter annuals is closely related at least phenologically to the growth of winter wheat. Seeds germinate in the fall and plants mature in the spring with the onset of soil drought. It was anticipated that the soil water and nitrogen relationships that apply to wheat production would also apply to yields of the alien annuals.
Liggett (1959) fitted field data to several mathematical forms to predict the amount of nitrogen fertilizer needed to obtain maximal yields of dryland wheat in relation to the amount of available soil moisture. Ankerman and Waddoups (1968) use early spring measurement of soil water in conjunction with measurements of available soil nitrogen to recommend the amount of nitrogen fertilizer needed to produce maximal yields of winter wheat commensurate to available soil water. (Richards and Weaver, 1944) .
Methods
Herbage was harvested periodically from 10 to 20, 0.1 m2 randomly selected plots at each site throughout the growing season to obtain peak herbage yields. Herbage was dried at 60°C, its nitrogen content determined by Kjeldahl procedures (Jackson, 1962) , and phosphorus content determined by procedure of Olsen and Dean (1965) .
In 1971 additional plots were established at the field at the highest altitude to assess the effect of added nitrogen upon herbage production, This field was chosen for the nitrogen treatments because earlier studies had shown that this site had the greatest abundance of soil moisture. Five levels of nitrogen (0, 1.1, 3.3, 6.6 and 11.1 gN/m2) were applied to 4 m2 plots in early February, using NH,NO, pellets distributed uniformly as possible over each plot by hand. Each treatment was replicated five times in a random block design.
Results and Discussion
The peak standing crops of herbage for the years 1969 to 71 are summarized in Table 1 . The ranges varied between 127 and 328 g/m2, The average yields over the 3-year period at the three different altitudes ranged between 221 and 273 g/m2. The year-to-year variation was not as pronounced at the highest altitude as it was at the two lower elevations and is attributed to a more stable soil moisture supply. Table 1 . Herbage (g/m2) and nitrogen content (%) and nitrogen utilization ratios in three different fields. ' Means (n = 5) and standard errors.
The nitrogen content of herbage at peak standing crop ranged between 0.52 and 1.46% (Table 1 ). The highest altitude consistently had the lowest nitrogen content and averaged only 0.64% over a 3-year period. When the herbage, expressed as g/m2, is divided by the nitrogen assimilated by the herbage, expressed as gN/m', the most efficient use of nitrogen was made at the highest elevation, and the least efficient use was made at the lowest elevation. Chemical analyses of soil also showed that less nitrogen was present in the soil at the high altitude field ( Table 2) .
As expected, amount of soil water available for plant use varied greatly from year to year among the three different sites (Table 3) . During the years 1968 to 71 the stored soil water ranged between 3.9 and 11.3 cm in the upper meter of soil profile. The driest year was 1968 and the wettest 1969. However, the average water use was similar at all altitudes. Some moisture percolated below 1 m deep at the high altitude field, and some soil water held at tensions above permanent wilting remained in the soil profile at the end of the spring growing season (Fig. 1) . This lack of effective soil water usage is attributed to the paucity of available nitrogen to sustain a maximum yield.
During the years of study, soil water usage, measured as the yield in g/m2, divided by the centimeters of available soil water lost from the soil profile, ranged between 19 and 26 at the high altitude field. However, the ranges were wider at the lower altitudes (Table 3 ). This indicates that over a several- curves and concomittant soil water depletion curves are shown in Figure 1 . These curves show that peak production at the medium altitude occurred when soil water was depleted in May. The peak yield at the high altitude occurred in early June, but the soil profile at this time still contained some available water. It was concluded that herbage yield at the high altitude was limited by nitrogen rather than soil water. When the nitrogen content of herbage is about 0.64%, it seems that nitrogen rather than moisture is limiting herbage. The field data were subjected to regression analyses to show the relationships of herbage yields to both nitrogen content of herbage and available soil water. The equation for soil water and yield Y (yield) = 29.7 t 27.6W (water) is significant at the 5% level (Equation 1). The equation for nitrogen content N (N in herbage) = -1.3 t 0.02Y (yield) is significant at the 5% level (Equation 2).
The equation Y (yield) = 7 1.1 t 41.1 N (nitrogen) t 2 1 .OW (water) derived from a stepwise linear regression showed that 71% of the variance in yield was due to nitrogen effect, 12% due to soil water effect and 17 is error not attributable to year period soil water is not such a strong force in limiting either soil water or nitrogen. To test the hypothesis that nitroherbage yields at the higher altitude as it is at the lower gen was limiting herbage yields at the highest elevation, fertilizaltitude.
er was added before the onset of rapid spring growth. As To further illustrate the differences in soil water use at the expected, added nitrogen increased herbage yields (Table 4) . medium and the high altitudes, the 1971 herbage growth
The highest yield was obtained on plots with the most added fertilizer. The predicted yields in Table 4 were derived from 
